Abstract. Hispolon (HPL), isolated from Phellinus linteus, has been used to treat various types of pathology, including inflammation, gastroenteric disorders, lymphatic diseases and numerous cancer subtypes. HPL has previously been reported to demonstrate a significant therapeutic efficacy against various types of cancer cells, including melanoma, leukemia, hepatocarcinoma, bladder and gastric cancer cells. However, its potential role in the epithelial-mesenchymal transition (EMT) has not been demonstrated. The present study investigated the effects of HPL on the EMT. Transforming growth factor β (TGF-β) induced enhanced cell migration and invasion, EMT-associated phenotypic changes. In the present study, HPL recovered the reduction of E-cadherin expression level in TGF-β treated cancer cells, which was regulated by the expression of Snail and Twist. HPL downregulated Snail and Twist, an effect that was enhanced by TGF-β. These findings provide novel evidence that HPL suppresses cancer cell migration and invasion by inhibiting EMT. Therefore, HPL may be a potent anticancer agent, inhibiting metastasis.
Introduction
Cancer is the second leading cause of death worldwide, accounting for 24% of total mortalities (1) . Approximately 90% of cancer-associated mortalities are caused by local invasion and distant metastasis of tumor cells; the prognosis of patients with advanced cancer is associated with the degree of aggressive metastasis (2) (3) (4) . However, the mechanism underlying metastasis of cancer remained unclear, until certain genes associated with metastasis were identified in a previous study (5) .
A previous study suggested that the epithelial-mesenchymal transition (EMT), an important morphological event in which polarized epithelial cells convert to contractile and motile mesenchymal cells, is recognized as an important process during metastasis (6) . EMT induced the generation of cancer cells with stem cell-like characteristics, including increasing their self-renewal, tumor-initiating capabilities and resistance to apoptosis and chemotherapy, which promoted tumor cell invasion and metastasis (7) . During the EMT of cancer cells in situ, epithelial cell layers lose their polarity and cell-cell contacts, undergoing a remodeling of the cytoskeleton (8) . The expression levels of proteins, including E-cadherins, that promote cell-cell contact may be lost, enhancing their capacity for cell migration and invasion, which are pivotal events in the initial stage of metastasis (9, 10) . Therefore, previous studies have investigated the inhibition of EMT of cancer cells as a novel therapeutic target for cancer metastasis (11, 12) .
H ispolon [6 -(3, 4 -di hyd roxy phenyl) -4 -hyd roxyhexa-3,5-dien-2-one] (HPL), one of the bioactive components isolated from Phellinus linteus, has been reported to possess antioxidant, anti-inflammatory and anti-proliferative properties and to exert protective effects against acute liver damage (13-15). In addition, HPL has demonstrated antitumor effects in various types of cancer cells, including melanoma, leukemia, hepatocarcinoma, bladder cancer and gastric cancer cells (16) (17) (18) (19) (20) .
The present study hypothesized that HPL is an effective inhibitor of EMT during cancer progression, and may therefore be used as an agent for epithelial tumors. It was revealed in the present study that HPL significantly inhibited the invasion and migration of MCF-7 and A549 human epithelial cancer cells during TGF-β-induced EMT, by co-regulating the TGF-β-Snail/Twist signaling axis. Therefore, it was suggested that HPL may be an effective candidate agent for use against tumors due to its inhibition of metastasis. Cell migration assay. Migration was assessed by a wound-healing assay. MCF-7 and A549 cells were seeded at 2x10 4 cells/well and were cultured for 24 h. Following scraping the cell monolayer with a sterile micropipette tip, the wells were washed with PBS, and treated with TGF-β (10 ng/ml, R&D Systems, Inc., Minneapolis, MN, USA) or co-treated with TGF-β (10 ng/ml) and HPL (20 µM) for 24 h at 37˚C. The first image of each scratch was acquired at time zero. At 24 h, each scratch was examined and captured at the same location and the healed area was determined. All captured images were obtained by using a light microscope (Eclipse, Ti-S, Nikon Instruments Inc., NY, USA).
Materials and methods

Cell
Transwell invasion assay. The invasion of tumor cells was assessed in Transwell chambers (Corning Incorporated, Corning, NY, USA) with 8 µm pore size, 6.5 mm diameter polyvinylpyrrolidone-free polycarbonated membranes that were coated with 1 mg/ml fibronectin (R&D Systems, Inc.). The cells were seeded onto the upper wells at a concentration 1x10 5 MCF-7 and A549 cells/well and were cultured for 24 h at 37˚C following treatment with TGF-β (10 ng/ml) or co-treatment with TGF-β (10 ng/ml) and HPL (20 µM). The bottom chambers of the Transwell were filled with conditioned medium, DMEM. Following incubation for 24 h, cells were fixed with 100% methanol for 10 min, stained with 0.1% crystal violet for 5 min at room temperature and counted under a light microscope.
Western blotting. MCF-7 and A549 cells were treated with TGF-β (10 ng/ml) or co-treated with TGF-β (10 ng/ml) and HPL (20 µM) for 24 h at 37˚C. Following lysis in radioimmunoprecipitation assay buffer (Thermo Fisher Scientific, Inc., Waltham, MA, USA), proteins quantified with BCA protein assay kit (Thermo Fisher Scientific, Inc.) were resolved by 10% SDS-PAGE gel and immunoblotted with Immobilon-P transfer membrane (EMD Millipore, Billerica, MA, USA) using primary antibodies including anti-E-cadherin (1:1,000; catalog no. ab184633; Abcam, Cambridge, UK), anti-Snail (1:1,000; Cell Signaling Technology, Inc., catalog no. 3895), anti-Twist (1:1,000; catalog no. ab175430; Abcam) and anti-β-actin (1:1,000; catalog no. sc47778; Santa Cruz Biotechnology, Inc.) for 2 h at room temperature. Following treatment with secondary antibodies, goat anti-mouse IgG (1:2,000; catalog no. sc2005; Santa Cruz Biotechnology, Inc.) for 2 h at room temperature, the immunoreactive bands were visualized using the standard enhanced chemiluminescence method (SuperSignal Est Pico; Thermo Scientific, Inc.).
Immunofluorescence staining. MCF-7 and A549 cells were grown in 4-chamber slides in serum-free media, and were treated with TGF-β (10 ng/ml) or co-treated with TGF-β (10 ng/ml) and HPL (20 µM) at 37˚C. Following 24 h, the cells were fixed with 4% paraformaldehyde for 15 min at 4˚C. Cells were washed with PBS containing 0.1% bovine serum albumin (Sigma-Aldrich; Merck KGaA) and incubated with anti-E-cadherin antibody (1:100; catalog no. ab184633; Santa Cruz Biotechnology, Inc.) for 1 h followed by 1 h incubation with FITC-tagged goat anti-mouse IgG (1:200; catalog no. sc2010; Santa Cruz Biotechnology, Inc.), then counter-stained with DAPI for 5 min. All staining were procedures performed at room temperature. Cell images were captured at x400 magnification on a Leica fluorescence microscope.
Statistical analysis.
The results are presented as the mean ± standard error, and statistical comparisons between groups were performed using the Student's t-test using SigmaPlot (version 10.0; Systat Software, Inc., San Jose, CA, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
Effect of HPL on the growth of human cancer cells in vitro.
The present study initially examined the effect of HPL on the proliferation of the MCF-7 and A549 human cancer cell lines. To determine the drug concentration that induced 50% growth inhibition (IC 50 ), cells were treated with various concentrations of HPL (1, 2, 5, 10, 20, 50, 100, 200 and 500 mM) for 24 h and cell viability was evaluated by MTT assay. As presented in Fig. 1A , IC 50 values for both cell types were similar (~65 µM). The long-term effects of HPL were determined by culturing MCF-7 and A549 cells with or without HPL for 10 days and then performing colony formation assays. At a concentration of 20 µM, HPL demonstrated a slight inhibitory effect, whereas 200 µM HPL almost completely inhibited colony formation (Fig. 1B) . Therefore, 20 µM HPL was considered to be a suitable dose for subsequent experiments.
Effect of HPL on TGF-β-induced migration of human cancer cells. TGF-β (10 ng/ml) may function as a pro-oncogenic factor through the induction of the EMT process, as previously reported (21) . The present study investigated the effects of HPL on cell migration to demonstrate that HPL inhibited TGF-β-induced EMT as EMT is associated with enhanced tumor progression. Cancer cell lines were treated with TGF-β alone, TGF-β plus HPL (20 µM) or HPL alone (20 µM), and wound-healing assays were performed. The TGF-β-treated cancer cells exhibited a ≥1.2-fold increase in migration, whereas treatment with 20 µM HPL inhibited this TGF-β-induced migration by 45% for MCF-7 and 50% for A549 cells ( Fig. 2A and B) . The inhibition of migration was also observed in the HPL alone treatment group, HPL decreased the migration by 60% for MCF-7 and 65% for A549 cells compared with the untreated control group. These results revealed that HPL inhibited the migration of cancer cells during EMT induced by TGF-β. 
Effect of HPL on the TGF-β-induced invasion of human cancer cells. The present study next investigated whether HPL inhibited the TGF-β-induced invasiveness of cancer cells.
Following treatment with TGF-β alone, the number of invasive cells significantly increased compared with the untreated cells. However, the number of invasive cells was significantly reduced in the cells treated with the combination of TGF-β plus HPL (Fig. 3) . The quantitative analysis is presented in Fig. 3 . HPL significantly inhibited TGF-β-induced invasion of cancer cells by 50% for MCF-7 and 40% for A549 cells, compared with the untreated control group. These results suggested that HPL inhibits the effect of TGF-β, increasing the invasiveness of human cancer cells, as occurs during the EMT.
Effects of HPL on the expression level of E-cadherin.
To further investigate the effect of HPL on TGF-β-induced EMT, the present study evaluated the expression levels of the EMT-associated protein, E-cadherin, by western blotting (Fig. 4A) . The expression of E-cadherin was downregulated in the TGF-β-treated group compared with the controls. However, HPL reversed the TGF-β-induced EMT by reducing E-cadherin expression levels. The present study also determined the E-cadherin expression level in cancer cells by immunofluorescence (Fig. 4B) . Consistent with the western blotting results, in the two cell types, E-cadherin was seldom expressed following TGF-β treatment, but was significantly recovered by co-treatment with HPL. Taken together, the western blotting and fluorescence imaging results suggested that HPL has an inhibitory effect on EMT.
TGF-β-Snail/Twist signaling a xis for reversal of TGF-β-induced EMT. Numerous previous studies have
reported that drugs may inhibit the invasion and migration of cancer cells by suppressing TGF-β activation and Snail/Twist induction, which results in recovering E-cadherin expression (22, 23) . It was suggested that the TGF-β signaling pathway is critically involved in the acquisition of EMT by its downstream target, the transcription factor Snail and Twist (24) . The present study investigated the expression levels of the Snail and Twist proteins by western blotting to determine whether the effect of HPL described above is associated with the inhibition of the TGF-β-Snail/Twist axis. As presented in Fig. 4A , TGF-β significantly upregulated the expression levels of Snail and Twist proteins, which reduced the expression level of E-cadherin. These effects were reduced by HPL, suggesting that HPL suppressed TGF-β-induced EMT by co-regulating Snail and Twist.
Discussion
The EMT is the most established example of the changes that occur in the patterns and functions of cancer cells (25) . During the EMT, epithelial cells acquire mesenchymal features including increased motility, invasiveness and a heightened resistance to apoptosis, instead of losing their differentiated characteristics including cell-cell adhesion and apical-basal polarity (26) . These alterations, particularly the reduction in intercellular adhesion and increase in motility, result in metastasis, enabling these cells to break through the basal membrane and migrate over long distances (27) . In addition, EMT is considered to be an important process in the invasive cascade, facilitating the migration of tumor cells from their site of origin and their dissemination to distant tissues (28) . As EMT serves a role in enhancing the invasive and metastatic behavior of cancer cells, inhibition of EMT is a suitable strategy for cancer chemotherapy, particularly metastasis.
As previously reported, TGF-β induces EMT in various types of cancer cells, increasing their invasion and migration and resulting in enhanced metastasis (22, 23, 29) . The present study demonstrated that MCF-7 and A549 human cancer cells may be induced by TGF-β to undergo a stimulated EMT, reducing E-cadherin expression level in cancer cells and increasing their invasiveness and migration. HPL inhibited the action of TGF-β in inducing the EMT, reversing the altered expression level of proteins associated with cell invasion and migration. The present study also revealed that Snail/Twist signaling may be required for TGF-β-induced EMT in cancer cells, which further elucidates the mechanism underlying HPL inhibition of cancer cell metastasis.
HPL, derived from Phellinus linteus, is known for its anticancer properties, particularly with breast cancer modulating estrogen receptor α, as previously reported (30) . However, HPL has not been associated with cancer metastasis via the EMT, although its strong antitumor effects have been reported (31) . To the best of our knowledge, this is the first study to demonstrate that the anti-metastatic effects of HPL are associated with the EMT in cultured human cancer cells. Therefore, the results of the present study suggested a novel anticancer activity for HPL in inhibiting the progression of cancer metastasis.
The present study demonstrated that HPL inhibited the TGF-β-induced EMT, and thus cell migration and invasion, which result from the dysregulation of cell-cell adhesion proteins and the expression levels of E-cadherin, an EMT-associated protein. E-cadherin is expressed by the majority of epithelial tissues, facilitates tight cell-cell adhesion and suppresses the dissociation of epithelial cells from their locations. The loss of E-cadherin expression correlates with the invasiveness and undifferentiated phenotype of numerous epithelium-derived cancer cells (32) . Therefore, the loss of E-cadherin expression in cancer cells has functional significance in cancer progression and metastasis.
The results of the present study also revealed that the mechanism underlying HPL may involve suppression of TGF-β-Snail/Twist signaling axis. The changes in gene expression that contributed to the repression of the epithelial phenotype and activation of the mesenchymal phenotype involves the regulators Snail and Twist (33) . Induction of Snail expression has been noted in all EMT processes that have been previously studied, and increased Snail levels have been correlated with more invasive tumor types (34) (35) (36) . Snail regulated the expression level of epithelial or mesenchymal genes and it regulated the expression level of E-cadherin, which is downregulated during EMT (37) . Twist, a helix-loop-helix protein, is a major regulator of mesoderm formation in Drosophila and neural tube closure in mice, suggesting its involvement in developmental EMT (38) . Twist decreases E-cadherin expression levels and enhances cell migration and invasion (39, 40) . The results of the present study support these previous findings and provided a mechanistic basis for the inhibition of tumor progression by HPL.
In conclusion, the present study demonstrated that HPL inhibition of tumor invasion and migration is associated with the EMT process during tumor progression, and is possibly mediated by suppression of the TGF-β-Snail/Twist signaling axis and regulating the expression level of E-cadherin, an important downstream EMT marker. Although further in vivo studies are required to establish the potential of HPL as a therapeutic agent, the present study suggested that HPL is an effective anticancer agent with inhibition of metastatic activity against epithelial tumors.
